INTRODUCTION
The product of the proto-oncogene vav is a recently identified protein expressed exclusively in cells of haematopoietic origin [1] . While containing SH2 and SH3 domains vav shows sequence similarity to proteins which have putative guanine-nucleotidereleasing-factor (GRF) activities; these include yeast CDC24, human CDC24Hs, rodent ras-GRF, human dbl, and human bcr [2] [3] [4] . Recently, vav has been shown to have GRF activity, which is stimulated by tyrosine phosphorylation [5] . This observation suggests a direct role for vav in signal transduction pathways involving the activation of ras or ras-like proteins (reviewed in [6] ).
Tyrosine phosphorylation is central to the regulation of GRF activity associated with vav, and vav tyrosine phosphorylation has been observed after activation of several haematopoietic receptor systems. These include stimulation of the T-cell antigen receptor [7] , activation of IgM antigen receptors [8] , activation of IgE receptors [7] , and the activation of c-kit via Steele factor binding [9] . Furthermore, vav is tyrosine phosphorylated by epidermal growth factor and platelet-derived growth factor receptor activation in vav-transfected fibroblasts [10] , and can associate with these receptors through SH2-domain interaction [10] .
Signal transduction through the haematopoietin superfamily class of receptors is not well understood. This family is characterized by a lack of an identifiable intrinsic catalytic activity [11] [12] [13] , and includes receptors for interleukins 2-7, granulocytemacrophage colony stimulating factor, granulocyte colony stimulating factor, erythropoietin, growth hormone, prolactin, and ciliary neurotrophic factor. Several cytokines, the receptors of which are members of this family, have been shown to activate protein tyrosine and serine kinases rapidly [14] [15] [16] with the subsequent activation of ras or ras-like proteins [17] [18] [19] [20] .
The IL-2 receptor is a member of this family and tyrosine kinase activity has been found associated with this receptor 1 min, with maximum increase of phosphorylation of 5-fold occurring by 5 min after treatment in normal human T cells. IL-2 stimulation of the human T-cell line YT and a subclone of the YT cell line (YTICk-) that does not express message for the srcfamily kinase p561ck also results in a rapid rate of tyrosine phosphorylation of vav of more than 5-fold by 5 min. These results suggest that vav may play an important role in IL-2-stimulated signal transduction and that there is not a strict requirement for the tyrosine kinase p561ck.
[ [21] [22] [23] as well as receptors for prolactin [24] and erythropoietin [25] , implying that tyrosine kinase activation and substrate phosphorylation is an initial signalling mechanism used by several members of this class of receptors. It was recently reported that the tyrosine kinase p56lck (lck) directly associates with the IL-2-receptor chain 8) and is the signal transducing tyrosine kinase in the IL-2-receptor system [26] . Additional reports, however, suggest that IL-2R,f transfected into myeloid cell lines devoid of lck can effectively transduce IL-2-dependent signal [27] . Mills et al. [28] horseradish peroxidase-conjugated streptavidin as described [24] . Blots were developed using ECL (Amersham).
Tissue culture and factor stimulation Human T cells were obtained from normal donors and isolated by counter-flow centrifugal elutriation as described [29] . Isolated T cells were activated with 1 ,ug/ml PHA and cultured for 3 days [30] , after which time cells were recovered and G1-enriched as described [30] . Figure 1 and demonstrates that IL-2 induces tyrosine phosphorylation of vav (Figure la) . Increased tyrosine phosphorylation of vav is detected in normal T cells within 1 min of treatment with IL-2 and approaches a maximum 3-to 5-fold increase within 5 min (Figure lb) . Vav phosphorylation in response to IL-2 is rapid and dose-dependent (Figure 2 ), being detectable with 150 pM IL-2. The ability to observe vav phosphorylation at physiological concentrations of IL-2 suggests a role in IL-2 signal transduction. We can also detect tyrosine phosphorylation of a 75-80 kDa protein which co-precipitates with vav (see Figures 1 and 4 ). This protein has been called vap-1, for vav-associated protein, by Bustelo and Barbacid [8] and its identity has yet to be determined. The rapid phosphorylation of vav implies that it is a substrate for IL-2-activated tyrosine kinases. The best-characterized tyrosine kinase which is modulated in response to IL-2 in T cells is the src-family kinase lck [35] . The activity of lck increases rapidly [39] . Alternatively, IL-2 interaction with receptor may activate several distinct tyrosine kinase pathways, with the observed activation of lck or other src-family kinases [35, 39] being a peripheral event following stimulation. Within this model, vav phosphorylation would be more closely associated with tyrosine kinase activation that is directly relevant to the salient transduction of IL-2 signal leading to changes in ras activity, and not necessarily linked to src-family kinase activation. Our results do not support the contention that lck is the tyrosine kinase activated as a first mechanism in IL-2 signal transduction.
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